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Abstract of JP2002076747 
PROBLEM TO BE SOLVED: To enable an 
accurate beam-null control for the time and the 
beam forming direction, using a simpler 
configuration compared with conventional 
examples. SOLUTION: By a predetermined 
phase shift, variable phase shifters 3-1 -3-N 
phase-shift multiple radio signals of N pieces, 
which are received by an array antenna 100 
composed of multiple antenna elements of N 
pieces, and a summing device 4 puts together 
and outputs the multiple phase-shifted radio 
signals of N pieces. A demodulator 7 
demodulates radio signals after putting 
together into baseband signals, and a time 
division filter bank circuit 10 conducts time 
division so as to output one sample signal of 
non-perturbation term and multiple sample 
signals of perturbation term in series signals 
as different signals, based on the demodulated 
baseband signals. A beam control 20 
calculates and outputs each phase shift of 
variable phase shifters 3-1 -3-N to conduct 
adaptive beam control, using a predetermined 
adaptive beam control method which turns the 
main beam of the array antenna 100 to a 
predetermined direction based on the signals 
after time division 
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(54) imnzwi rv-r>Tirmwmwmmm& 

(57) 

nTSESMBB 3 - 1 75M 3 - N f±, ftftN 

e 1 0 nmm^titz-<-^om^Km^r 1 o© 

KI^MW*DaS^f5. tr-AW#|l»2 0W:, 

itfflf tci<3^r7 v-rytt 1 0 o©^i?-a 
*3rJfc©*KHfcrtirt* i 5 ftgfS©»Str-Afli!H9ifeSr 
jbv-c, RraKMi#3-i»s3-N©#«tift*srtt» 




wPifMfi $ nx ft 5 t u-r ^yy-ro&T ^T-rm^ 

±E^^a^ffi#£ft3»Stff^£^-*^>- K« 

#WH»:*tt-3, ±E*»^Sl!*»b 
ffl#$*v*HS^#©«a©«sk<* h**tt*U «■ 
*SftfcKSSflr#©*#©«#H«* h/vi±fSPM«^- 

**Rue±Bfa#«l#P#a©*l#*tH|C LT*ft-eft± 
t fcttifcr u-r v^©W»S«R:*5Vvt, 

±e«*i#a t ±mmmm^®. t ©m, xaju&m 
wmmst t ±MW®^wcJkv±mm.^WL t © m t#A 

■C, S»Sft*^»IWfc*ir*ad>4< 1 1 1 o©f-^ 
/HI* t , 9» * HfcffllW Jc*3 it 5 ±E*5Mt*rt ©* 

[nt#S2] ilBflWWW^at*, by^^-i^/w 
7 ^ /v* @K-e& 5 r. £ £#m t i fe«©T 

PflPi-eM» $ ft-c ft 5 r u-r >-x-?-©£t ^-f-jiFj- 
±m mmm^m a» e> w# £ ft a i' wt *©» 

±lE^«J^a^ b ffi^ * ft a ft#»J ItflH* , ± 



EfUWB^a^bW^SftS^-^vKflr-S-ioM 
±IE®fc©^^aco«-^ffiSSr^ft ; eft@f^oV7 h 

*«ita»**, #WH*te#i-5, ±iafij#0j»#a 

^feWA^ftS-t-^^v H«#©«»M«©SEfl:*S: 

w#u tnf*ftfc»b*t, ±Bap#aa»e>a** 
ft§-«-^^^K«*t, ±ew»«#p#a*»bffl** 

W^/^Kffi, ±S9(»#a*»?>ttJ**ft5 
»36flr*tfc3S<Sv%-c, ±EtSS^*©i*¥i&iiS*/h 

*inicrtirt8 fc * <D±w,&®temRv±mm*ft& u 

Tt ftJpft±E«-IWB¥aRtK±|B* U#ftiJffll¥a K Htfj 

•*-$««^atfc**., 

±(B-*-*A<y K«*tt**«©^l'://Ht**^tr* 

±i5«is^a t ±is^ij#sij«#a tron x(4±isfu# 
sjfp^a t ±iE$ij«#a&^±!5«» ^a t ©ww**. 

LTRtt&ft, A^SftS^-^^Kff-i-fcS^ 
■C, «»£ftft^»fflir*5tt5*l>ft< it> lo©i?-^7 
/HI*fc, «» SftfcMWfcSstt 5±E3R^«#rt©a 

[ft*«4] »3*«i75S3©5t>oioK:|Bil©r 
^-rvx^©SfJ®)SS(c:*3V^T, 
±fEmp^a©^a(c#Ab-c^(tP>ft, ±iaffii®#a 

rmxM.mztixftz>Ti'-T>'^-r<D&Ty j ?i-%? 

±E#ja«©«6»ft#*'«-^^>' Kflr*fc«ai-5^ 
v^Ff^©^j#r^u#$ij»-r 5 *X y 7i , 

±IEfiJ#S!l« £ ft fc-<- * /-O" Kf|ft3fS*©i?« 
* i © HQ ©I^Sflr** »fef 8^y^fc, 
±E«S:©^¥a©«-#t@*«r*ft^ftBifS©^7 h 

*©ffl^-<^ bA'ttWU tWSftfcKaSflH3-©«* 

Ff^©^lB] fciSi tt 5 fc »©«-»ffi*xw±e* 

5 * x y 7-©fiJ#SrH-» LT*ft^ft±l2«B¥a& 



y 7Rxf±mmmi%-*m±-f z>x^y?k(Dmxmn 

ftfc^MIWIi:*5tt54l>fc< lo©irV7>ft^ 

mm $ ti±m% k* it 5 _his^ ha *rt ©a*©* ^ 

i-5»*s 1 «a*©r w-r isT-t-ommzm. 
wwcatfli * ft-c 4 5 t v— r vy^©«-T i/^-rtt 

t, 

v ^©f ij#-efij#sj«i- s^fy^t, 
t, 

©M©i&Mfl#£fiS±1-S*7 1 y zfb , 

##MB*K:*f-t-.&, ±flSfa#«l#P£*i, 

ifc*<Jvvc\ ±e«im*©S S J: 
W 5 ft »©±E#fMH*Rtf-heif U#Srtmt LT **v* 
?:/&*«*.. 

±E«Wi- 5 ^ x y 7° t ±Effl#M#H- 

y 7mf±mwmm?r*m%.'rz>x7" y^tomxmn 
s*w Afiztiz^-xs^m^icm^x, mmz 

«» $ ivfc»i mifc*s it a ±B*jijflm-rt ©*»©■$- ^ 



[n^C8] tt*«5^M7©5*»©lo{r|S«©T 

±.wma-rz>x?y-7<omcmfZii. ±m®MHhtc 

Rff^-fcfcfL-CT-^n ^ • y^ v^/l^&L 

*x y ^ 3 6 t£tr r. i t i- 5 r u-r m 

©Mfltttt. 
[0 0 0 1] 

[^©Mrsawa-i?] ^©rv-x^-* 

tflMBHSKHH-s. 
[0002] 

[^5£©K#f] HOB, WJ»7i/-7yTt©SJ 

Br£©MBtt? 1 flttft_hl;:M«£ti/Cft3T u-rvrt 
1 0 0Kioraaw9#*ssfllS^ #7yr^fi 
- 1 nm. 1 - n -egft $ tiftmmm-fttzzii?^ ten 

?tiMi8 (LNA) 0f£©«f|B«* 
«©flBI«««*K:a«*««i-5^^l'3^-# 5 

- 1 jbm 5 -n, trnjasflr**^-*/^ K«*te« 

IS-f 5«P&7 -1M7 -NXt^T^P ^/y J ^ i?# 
A&&&ft 5 A/D^m^ 9 — 1 75^9 -N^UTlf 
-AfHfPHB 9 3 &tfBr»tS2§ 9 1-1M9 1-N 
{dffi^^^So fiHH9 1-1M9 

fcHJA+S. #*»9 2(4A^^^a : «i:N|i©'<-^ 
/<yK«#Sr«*-&jftL-r, ^-^©^-^/^ KflT * 
& t'-A©J«0B 9 3 icw^l-§ 1 1 tic, ^gp^igfc 

[0003] rr-e, e-- .a swings 9 3tt, a/d^ 

M9-1M9 -N^fjA^^tt-S^-^V KflT 

&&fflLMS (Least Mean Square) $?OMMSE (M 
inimizing Mean Square Error) ©S2|icS<3< 

£©*Sif-AWJ»T^=ryxA«rJ8^-<\ ^riS*©^ 
Kft^g^i ?i y>o7W-7y7tl 0 0 

-1M9 1 -N©*Stffi*frW*LT#HrSE8tft#9 
1-1M9 l-NSr$!|«-r5fc»ie:(U^-r5 0 
[0004] £i±©J;5Kfll*$ih/fc, v^b*«»6ffl 
rv- rv^-T-wsij^ei*, a*©ri^f-»?i- 
1 nm. 1 -Nat5«6«isflwiiai6K:, xv'^Mf^a 

lelK-efcSTOWHtt 1-175^9 1-N, -g-^9 
2Xl>*tf- A$tJffl)|HlB 9 3 4r»*^-t>*« r t <t 9 , 



T?tt, ^-f^A'lf-A^lilK (DBF) *JBV\fc* 

*»*1-S t ^ 5 *«B**-r 5 0 

[0 0 0 5] U*»U*#fe, T>-r^*T-l-175Sl 
-NftlcSflHSB (fi*HHM»2-l#£2-N, y 
^^=i^-^5-17!lS5-N, £l«CTI»7-i;5 
S7-N) tm: A/D» 9 - 1 M 9 - N^I^ 

*&»#&*©•?, />- K^r^^aM***** 
* fca^v ^ ij#t >-r -r <om^\m\z. r ©w®»?j 

4*>©i43. 7^Ttif»fcgttt8®t? 

[0 0 0 6] COBW**j|»rf5fc»t, 
tt, t&RScflttJU WR*. "M-CMA 

(Modified Constant Modulus Algorithm) , — W ^ 

flr-aamr/^yxA-" , n*ffimmw¥£Wft® 

A-P9 9-6 2, pp. 15-22, 1999 

fcMJ^T/V=f J) XA t UT, M-CMA (ModifiedCons 
tant Modulus Algorithm) *S^g$^TV>S 0 £©M- 

cMASts, ^-Kf *r«^o«^t;©fcft, t- 

L-TV^o M-CMAftttCMAiSiHC.J:5K:filMS 

3£©^gJMSIS©*/hfc*!raai*i1-5fc», cm 

nmmimm**. *5*-et*<> m-cmas 

> KT/V^!) XAIcflflWttbtiSfcft, 7 w 

-^mm^m&m • #^»£»£i-sitfrt£fc*-A^ 

tfSfrfr*!,, fcf—A^J&g^kfiS I NR (Signal to In 
terference and NoiseRatio) ©iff V Ml ^-tf s I F^ft 
Kttf&$JxSfc», £jg&S INRSt«TK*SV^t>a 

km- cMA«feH:#^raEana*o«i«i«£Ete»-t-a»is 

[0 0 0 7] 

[*lH*«»UJ:5ti-5IHi] L*>LftiJSfc, M-C 
MASffe HDi^©g««f-fc#L"CS»fc#*.fc 

w©t--A^fim©i±s^«-§- own ir, #*.fcv*ir 



SbffcOSSfctt, *Hf©JB#*fctt1"ifctf, iffSf-y^ 
Ht##fcfl5< , W#©»V^ttSa6©f!J*L©itV^rt 

[0 0 0 8] #*9!©B»tt«±©nBJ&lMRfeU ft 
•M&fcSrifii t LTIE*fc£t^-A©1W#**/W©1W*W 

[0 0 0 9] 

[MM»t5ftft»fW #fg§Hfc#S7i—TV 
y-*-©*«J»H\ *«Nfl©TV7 1 -?-S|HF*S3LV^0f 

*^-T^**vfc«»Nfl©«««****l,€*l,3fJg© 

±E#»«#«^6WAS*i.s*«cNfi©«i»flr#&-e- 

$LT, ^m©«{f^t:W^1-5^^Si:, ±IB 

tlZ>-<-Xs< V K« -f-*B>f^©^J#-C#lJ#0J« LTffl^ 

K«#tgfStt©S!Wt-» t ©IW©»36flr* 
ft^LTtti#t-5«*#It&, ±IB«S©«Mi#®© 
#»ft***^ii9fje©^7h*«»«S«4*, 

**k«+5» ±E**#jw»&ffl#£;ft$issi»#© 

«#©«*k** h^Srtr»U lr»*ixfc»36flr*©« 

#«s*/ht45J:5K, ±|BT w-T ^-^©^tf-A 
«:3r J£©#l*l l*H7 3 fc » ©# WBSXViefUWIWW 
^©f UWtrtr* Zfi?fi±tBfrim&g&Xf±.m 

r-t-©S!l»Sgt-^v^-C, ±E^-^^> K«#tt«R 

t ±ffi*iflnw»#a t ©m, xtt±«jfiHM«*#« t ± 

n $ tifc» n k 38 st 5 ±ib*3W ©«*©f - >?a> 

[ooio] ±mr^-ryy L -r<Dmm^m^^x. 
[oon] «5et#57i/-7yft©M« 



ts £ ti&n&mmm* 1 , jirafliaiww^aa* e> w^j 

Kfll-^t ©ffl©gliKf *Sr*4 urw 

tvewsmtoi/y h*«tf8»s*, #fMa*ic*H- 

5, ±BfWH»#aa»&mA$;fr«^-**VK«# 

©s»*i*©«fl:*&w-jru tt»sfrfc«ft*fc, ± 
■*-©£ a ft^FS©*i«o m it 5 fc * ©±ta##ta* 

Kflr*tt«MI©f - v^/HH5-**triU?Mr**r 

±ia«fi^at±iE*ij#»*at©p^, xhll 
wmmm^WL t ±&mm*9t&v±mi»¥& t com 

©**©* ucttt;&£ 

[0012] iMru-r^-rcDummm.^ 

^ K«-g-*ffl*i"5aElft*a«rS 6K#itfci £ 
[0 0 13] Wll:#37l/-7yftOlJ 

mztitcmmNmcommm^z, **©#«^a*fl^ 

©«^«^-§r W^-r 5 ^/t> ±IB^m©««l{f 
©?iJ#T-fiJ#$iJ«1-5 ^fyT-t, ±B* UJMKltt $ tilt 



-rs, ±asK3s«#©«A©«jfk<^ h^tufu w- 

*SftfclSSSft-!i-©*#©«$k** h^t±EKISflr# 

-r^-^-ro^if-ASrgRgro^ifiiKiftittSfcft©^ 
«»XV±|B* MMft-fS *x y y<Dffm*W* vxz 

XT-yzft ZS&T v~ T>'7 1 ■^-©*J»^ffit*5V^r, 
±ia^-^^>- K«#tt*«fl©lf:y:/^#fc£tf» 

Eth»i-5 y ±eis*flr#*»£i-s *y y 

rt©WcaWf*Ji, A^ftS^-^^Kfa^UiS 
<SW<\ SE»S*l.*VN«iailc*stt54><t< 1 1 1 o©f- 
^/Mt# t , Sib * ftfcM W fc*s W 5 ±E3R0Jflr#rt 
©«*©f-^/Ht^i*s*ft5W*flr*t LTtftfj£ 

[0014] isBTu—ry^-f ©®J«*-ffiic*3VNT, 

~y-»7j/u?®m%^Xgft£tiZzt&®Wik-}- 
5o 

[0015] Sfc^eic, $i^i:«57i/-7yTt 

©WlP^jSfeH:, ttSNffiWT^T^iST-^Zv^glTS© 

r'g«$nfcasN^©*»#-^^, a»©#ffl^a& 
±flasMB*frfc*»Nfi©*agffi*fc^fiisL-c, 

l*ft©«i»«-»S:fflA1-5^7 l yrt» ±E^**«©* 

*itc<~-x/<y Kflr*©lf**«fJ ur«F*Hi8'J«** 
ltfll*t, ±!BfiJ#fiJffli$^fc-<-^/^ K«#t ©IW 

©^^fs-^-^is^-r 5 y , ±isas©^ffl^a 

©❖^ffiifc^ivettgfjg©^^ h*«rrtR»s*, # 

©«»«m©*ft**initL» tf^$tufc^t:*t, ± 

RSSflT*© gSRW^ft/h t ft 5 i. 5 fcs ±ET U-T 
^■^©£IT-Afc3fj£©#l«3fcfitt5fc»©±e#l* 

ffi*^.^±iHf u#&th^ Lxzti?ti±.m&&m^mR 

^-^/^Kffi#«**fi©f-V7*^«#^tf^?iJft 
±E^1-5^^y^i:±l5fiJ#SiJ»1-S^ 
x y ^ t ©IW» Xi4±E?U#$iJ«-r5 y ±IEH- 



-5- 



/Mi t . » § ttfc«Mfc*5(t3±iH^?im^rt «a 
[0016] ±MTv-TV7~r<oMwmn., 
#*■ 5 * *r v £ e> te^tf c t t -r 5 . 

[0 0 17] 

[0018] <» i (ommmm>m 1 n, 

W^/w^^nij&i o t tr-Aiw«iiaiS2 o &«» 
ftapiais a o ©»»ftrtffl««sr*r^n y * mvh 

[0 0 19] ^©BlWSIJfe^WTU-rVT 1 -^©^ 

7C^t?gag$tbTt>iV\ ) ©fcf — A^M-CMA)£ 
*Mv^rffl»-f 5fc»©K'-AlWlp|Hllg2 0 Srttfcfca 

-awe, g»#iBiaK3 0T»«»$*t*v^iwicj8rj-« 

l-3®ftf ('>&< it lo©ff ) fc, £ 

*> 5 MjRjiHt -is-rt ©am© f- ^tvwi -s- ti>m% 

5l*3MW7-r^/<v^iaiS 1 0 i 
lti^s. -t-fcfct>, m-cmas 
Srffiv^fctr--A«|«iKj8tf5±3*o|BH*i)Blti-5*» 

i lt*k y 7 x-^-ei^stifc^»7-f;^^ 
J^EWfl OSr^JfflU rftfcJ:*), IH^Jt^ftSS 

not i #mmmi>m® e>tis fc » , e* * t- 

>?m&l 0^(Df^^if/vy^/v^ 1 3-0M1 3 
- (M-l) f±, 0J;cSf, x-T VfjvffimMl'XyJ* 

[0020] sir, m 1 fc#rr u-t^x^©*j«s 
w<omm^^xmm-r^ @im^, atscNA© 

T^tif 1-1M1 -N!JSSV^fcFRt©niIIB-flE 



fc^MMr^tt^ix^, (lna) 2-1 

2 - N Zfr LT"BT^»ffiS 3 - 1 3 - Nfc A7J 
$*b3„ #«r^^3-l^S3-NH^rtt ; etl, A 
#S*L5*IMrJ|-*, «ttft4PISK3 0*»&Htf7§;h,5 
4M8tfB«»«EEv k>1 (i = l, 2, N) (c^b 

«*»®**<if«5jftrs»«aja7-f^# (bpf) 

£f£lftOT©£ire& QPS 
K, PSK, FSKfti*) l:^Lfc«I*S^^T 

ym^\mm lt, ^©^-^/^Mt-f- 

ai-«KBBi7^A'^ (LPF) 8£tf-LT 
A/DSC*B9fcW*-r5. A/Dfc*»9H\ A7J$ 

^>-hWicA/D^mur, ge^©^-*^ wi 

/1>?;<><?®&1 0Sr^LTlf>-AS!lffll|Hl8S2 Ofcfcffl 

[0 0 2 1] ftjs, ^J»«*3-lM3-NtM 
«4ilt «itf^ftl©*a«G aAsMMICttft 

A/D»^9©f->-^y >-^U-b^rf s = 2M 

f ct-rs. tt-e, Mf4i«±©g^a-efe(5, f c 

[0 0 2 2] ^U7-f;V?/^^|ElJS 10tt, 0 2 K 
^■TiJfc, SV^KfiKfcifcKSjT^EriiveM/ (2M 

f c) (Dmsmmzm-rz (m-d fioiisiBiei 1 

-lMll- (M-l) ^r^tb (M/2) ft© 

^•^yf-v-T'y >-^u— b^-r5M<@©^!>vf-y7 p 

712-0M12- (M-l) t, «}V«hJIMl«fi 
1-5e»MS^WL«X.«F I R7^/^T«^5 
Mflaw^V ^;v^13-0M13- (M- 

1) *n?*L (1/4) «©y^vf-^yy 

— Y%^-rZ>Mm<D¥V^y->"7y 1 4-075M1 4- 
(M-l) i^«x.T«$tv5„ *»«7-f^>V 

^ej&i oic*3v^r, A/D^^g^^ro^-^^y 
Kflr*u k tt, (m-d , t^V 

^7^13- (M-l) ^.V^!7>f-^y7l 
4- (M-l) Sr^LT, ^fiMa^^fc-i-^^y 
MM-Wk. M _! i LT tf- A*J«i]g§ 2 0 fcffl* 
title, ZvMe«^M£ftfc (M-l) f@©ilMia 
sgi 1- (M-i) Tsmi i-izfrvx?vyy-yy° 
51 2-oicffi7J$n3o i^t, S®EKl 1- (M 
-1) ^fcftfcSiiS^-^/^Kfc-frUkH:, ^!7^ 



fyfyl2- (M-2) , 7-f^7^V^13- 
(M-2) JkXZWsirV-?^ 1 4- (M-2) -HM. 

t*-AM«g&2 0(£fcttfj£;h,So ^T, ilStcUT, 

14, ¥Vl/y->-7yl 2-m, "rAWfrVlAs* 1 3 

Silfc.*-**!' K«#¥ k> m t LT If- Affl#Pia» 2 
OfcHtfJ**!,, m=M-3, -, OtfeS. 

[0023] H3n, vM.<nmm7 4fl>9*virmk 

f±, — LT, N=M— 1 ©4§£-ft^L-CV^S 0 
[0 0 24] ***»«-ett, 121 3 fcjjW J: 5 K, 1 > 

fiofyy/H^ (rft^m?Mf-§-£*J-JES-f So ) ft 

(Av = 0) fc, «»f«niElK3 OT?«»**T.fcJtllR|lC. 

(=m-d «o«iw©in^^^flr^ («»ftJp«E 
08S l o ft, MAro-iH^/Wi-if-© 5 *>> i o© 

#»3S©f-y^ff^- (Av = 0) t, M-lfl©jR 
ttarof-^/Mi* (a«WaP«EAv*Sf«lP$*ifc) 

fifrf-s„ 

[oo2 5] Ei2ic*3v>T, tifftmyj^?s<y?®m 

1 0ri>bW^£ft5B$##Miim^-*^VK«*iF 

k> 0 », tr- AfHflnsB 2 1 tita^m* 1 1 % 

K, tf-A*H*»2 lfc±0ffl£3;ft5M*BI»g k * 
^M-STWStlfflB 2 2-O^LT t*-A0J»g[5 2 1 R 
t>*«^S2 4(CA^/$tt5 0 «P^9l7-f^^V 
1 0 !9>6W**jh.5Wr5>iiJ«4aa©'<-^^^ K 

Jf!l#g k Wwf S "r«««»2 2 -mSr^Uttf-AiW 
«2 ltATJ^tk i:fs m= 1, 2, -, M-l 

-c&s„ rr-e, mm UWHOEXttA©** 1 9 5 So 

flr*aft*^L-C«l|L»2 4K:ffl*-t-5. ttJH?2 4tt 
S«tfa *»6?<HWJ«tt©'*-*'<l' Kftfy^o* 

sftt, *©isi6 (x\mm m^e^v-AMW 

&2 fc-A»MH$2 lit, A^SftSm 

int*e k i, ^^nsiflnwwsiifcMfl©^-^^ 
v k«# y k . y k , „_! t > * \mumm<D-<~^ * > 

K##¥ k<0 tic:S^-r, J: 5 fc, m- 

V h n - y 3 2 ftf&JW UT 3 - 1 3 - 
N©##ffif!l«ffv kji (i =1, 2, -, N) 

*Sr3f£©#^7h*«»t«»**, #£**fc*rr 



S«*g§2 2 a»fcU}**ix5RI6«#e „©«*©«» 
hA*ttJ|tU tf#£ftfcSSSfi-)§-e k ©S;*7©ffi 

*> & mti £ *b s p^t * ejcm^x mmmmm- e k 

*^©#fofclfctt5fc»©#SMf*t^^«#^ 

sjwsff v k> tXtmse*** 2 1 ©its* g k mw l 
r, WWLfc^ffitlffliSffiv^^gSi^PE^so 

ft:fr LT# W^ffiS 3-1M3-N fc 5 1 1 
fcfc, IH»UfcJtBflEg k «r?r**«{»2 1Kffl*r 

So 

[0 0 2 6] SttftftllalB 3 0 ft, g«j#Spmffi A v ft 
36fe1-5«»fMlP«E3S^»3 1 t, Nffl©^y^3 
4-lM34-Ni« Nfi©iP»^3 3-175S3 3 

-Ntft«xT«^$tvSo rr-c, »#iP«jEH^ 

«3 lKJ:D*4*ih/fc««#iPltEAvtt^y^3 
4-175M3 4-N©#S*btA^/$tb, *-fy^3 
4-i»53 4 -N©#Ss^i a ttt^^^i^S^«!S^^■c^^ 

S„ rtLfc^^f y^3 4-175M3 4-N©§Jt)ife^ 

Ht, lf-A$iJ«2 l <DM®lzli<9Wsftir57.4 s^=* 
^hn-9 3 2fcJ:t)fW#PSix % irt?, 

lis, ^yfy^yho-7 3 2(t maH"-- 
>'^{f^ftS«UTV^Stf K, B3fc*^"J:5K, 1 
->^3j?/W©^©l$BlT/ 2 {CfeV^T, M%&m-%-<DM 
=N+ lfi©-^V7"/Hf-§-© 5 ^>© 1 o©^S»S©f- 

^t'/hi* (Av = o) ia^v>r, &imm-\Tsm 
3-N|c#ji£:i-sa»:N (=M-i) fi©»^©f-y 
^Ht# («»#aP«ffiAvas#lPSiifc) ^Il^WTJ 
$tlSJ:5i-x Nfi©^^T y^3 4-175S3 4-N© 
5 *>© 1 o©^^ y ^©*SrWft«/R b M\c® D SI^lS 

tEEv k _ n (n=l, 2, -, N) l:fLTWS3 3 
-1M3 3-N©5*>©loT*iP^LT#iPl-So ffi 

tb#jpni^ 3 o *»& m istimmmwzimmm 

*Ev k , n (n=l, 2, -, N) bVX*fr?tl&m 
l^3-l^M3-NiCW7J^nSo 

[oo27]to\ hu~~ym%-Z%:m L-rv^si 

*K» g»#amEAvft#iPi-Si:^}±, fc'-A$iJ« 

@K2o^e>w*^^s«^«ij#mffiv k>Il t, jg»f+ 
mis 3 o fa e> W7j $ ns ®ftmwnm v k> n t \tm 
s^, Rw©«a±ia-©iB*&ftr. 
[oo2 8] ftv^, ^mmMmxm^M-cMAm 

f^7y-©«ftlim IWWdT?aiWfcE 
?ij^HfcT y-ryft i o o ©T^T^iTf 1 - 1 75 

Sl-Nfcio-CSWtSJxfcSWfll-i-H:, LNA2-1 
75ii2-Nft^Lr, MMI C^T?#^^tbSW»ffi 
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*3-l»S3-NKJ;orm*#ttS*l,fcO*>-&J*» 

tt©««[§j£§ffli!" , mmf&, 1 9 7 o^j #js. ) 

[0 0 2 9] 

»ll 



= s k(yic,\ v k,2 

N 

= Z expC-;^,-)), 



[0 0 3 0] _he*ifc*svn\ v kji «i#s©T^ 
x^iS^ 1 - i fcSSKSftfc BT«»ffi«3 - i IcmntS 
tL5«W«ET?* 9 , 6 (•) »W«»ffi*3-i©« 

oft, j Hat*¥ttfc*urv>5. ;o^ai«® 
WMtB^!? 5 1: i r)^- 7 ^y K*l: 

mmzti, A/DaHw»9tej;«jA/D«ifts*v*. n 

VHiexp (j 2p f t) 0#*K«tT?*>«. fcfcU 

f««a«a«»-c, ittdHMMfiu t lt 

V^S. *XJ&Hr0tt, tf-AJ&S«©lMU:©«H4© 
V\ 3^ e x p ( j 2 p f t) 0#*tt*K»4 

[0 0 3 1] A/DSlfcSftfcgMrft-S-tt^-^^V F 

*© a g c s »r*8«» 2 2 - 0 2 2 - 
us<;v a t (Dmmimmw; * e k t lt&5£© ± 5 

[0 0 3 2] 

[ft2] e k =a p -g k p | s k | p =a p - | y k | p 
[*3] y k =g k s k 

[0 0 3 3] nr-C, g k tt^*Jk}^»t5Br^ii<SSS 



22-0M22- (M-l) ©^lJ#"CfeS« *fc, ± 

isft 2KS8»t5 1 • 1 1±, mmmomftm&tzzi:* 

jfflcl/r^So pf4M-CMA«fefc*ilt5^ft-e 
*> 9 , 1 £t±© g SSftSr t D , *IHfe3Wi-Ctt«*.ri p 
= 2-efo5 0 £©, W^it*§2§©fiJ#g k £TIE©ffF« 

[0 0 3 4] 

[ft4] J=E [| e k |-] -mi n 

[0035] ±«lc4ic*jvvr, jtta^hHSrcfc 

0, E [•] r±*^¥*&**«H«-C*>5, qf*P<b# 
l«tf-CMAifc©SHR«:*!*L-C^5. ffioT, ft 4 
tt, hKft J fc*/MfrfSfKB»lp**LT^6. 
r©8?£r^£tJ©SGD (Stochastic Gradient Decent) 
©JSafca£<5v^T**5t, WSWI^©fiJ#g k (cH 

8. 

[0 0 3 6] 
[ft 5] 

Si 



[0 0 3 7] ±|Eft 5 ©miiXx y 7°f--f 
flSftHSftb, SGD©^fl»&fta*|*t> it 

[0 0 3 8] 
[ft 6] 



[0039] a ± I • I ttif icryrtl 

^1 - i fc«B«5ixfc-5r«»ffi«3 - i <D®mnmm 

i-5*«»**L-C38D» KT©±5fc3EiH«»!:*© 

[0 0 4 0] 
[ft7] 



= 8ki\ s k( v k,\ - V k,i +Av - v k,l)\-\ s k( v k,\ 



[0041] ±e*6*flivv5;:ifc:.fc»>, W^iiteS S«SiifciR«fi36*-ct>#WE-f5rt!»-e*5 Q fc* 

©3W»g k «tf«a:<, IS®CMASi»i2-? U ±E»6&t«ft7!4»fefll!|«l«EE©*JMft*»at 



ft warn , r«gb5j *#afcftfc«?»W7-f/i' 

*/<^ll»10Sr*«fflb-CS3*»., ft^-C, ifrUcov^ 
[0042] ±e» i -wsstifc tr- A»*»ow*flr 

S„ iC^i^W^W^FlR (Finite Impulse 
Response) 7 -f/l/* -*fc*©eai 

M$T (z" 1/M ) H^TO-tSfctfy?*-****-* 

[0 0 4 3] 
[ICS] 



[0 0 4 4] fcfc'U T x (z- 1 ) , 1=0, M- 

[0 0 4 5] 
[ft 9] 



■- llM f h 

[0 0 4 6] &74)V9<nxMt s ik\-Z, ;^y?fa<D&y 

«T©^fcWB 5. 
[0 0 4 7] 
[ftlO] 

T x (z -1 ) =T n (z _1 ) ; 1, m=0, -, M- 1 

[0 0 4 8] i^t, %Uyj/vj>s<y?\££.<9fs\-<D 

tsmmbtiz z. t xMt%* u k _ <i+1/10 1 

[0 0 4 9] 
[ftl 1] 

L-l 

[0 0 5 0] i©'ff-$§-&rDFT (Digital Furrier Tran 
sform) -t-5t**OJ;5fc*S*l/S. 
[0 0 5 1] 
[ftl2] 



r(z -l/M } 
M-l , L-l • 

i 2 =o i\=-L n+n'M 

M-l , 
= Z T„(z _1 ) 
i 2 =0 2 

tf-lL-1 in 
= Z Z h+llM^k-(i+llM^V<,-j^~ ) 

= Z^+//Mexp(-;2^r^ — ^-) Z u k<i+l!M) exp{-]2n ) 



= F(hi)F(u k ) 
[0 0 5 2] fc«U F (•) ft-ODFTttOW 

fot, iOWTjSr I DFT (Inverse DFT) -ftlt£M 



[0 0 5 3l»^, *!)7i-^S07-f;^/^ 
fi^JF (1) SrSA-TSo 

[0 0 5 4] 

113] $ (1) =diag [z" 1 z " 1_1/M - 
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] 



[0055] rr-c% =n n&trzi :h»u 
a i a g ( • ) mm^t M^swHsutt-sawi 

[0 0 5 6] 
IS14] 

<S>= [T 0 (z) 
= [O (-L) 



T x (z) - 
4> (-L+ 1) 



1-1 <*) ] T 
<3> (L-l) ] 



H 

[0 0 5 7] tztzU H = [h_ L , h_ L+1/M , h 
L+ cm-13 / J T f*# 5 7 * $ jx 5 iW© 7 -f A>9 <D4 

*S»Sr!WtTH < *1=i\ * ©titfJflr-frttfilT© J: 5 m 

[0 0 5 8] 
[*1 5] 

s k 

= diag[s k s k+ n M ••• %+(M-l)/A/f 



*W1 



- j e 
i) ) - 



[0 0 5 9] 5fc*S^5U k . 1 tW k . i tt-tJt€ 

Jx i ticryft^ 1 - i ©Hiiittf i , ^©tHA 

[0 0 6 0] 

[*1 6] W k>J =d i a g [ex 
(v k-i ) ) e xp (- j 0 (v 
P (- j 6 (v k+CM -i>/M,i) ) ] 
[tl7]U M = diag [u M u k _ 1/Mji - 

U k-<M-1)/M, l] 

[0061] i©i?-A»j*»©a*fii#*±iafti 4 

-f/^/^@Kl0tAAt5t, «r«*«S2 2- 

075^2 2- (M-i) "s©A#flr#as*&*i/a. 

frhlMW. 1 4 fcffl>!jflr»fc A# LT$ z §ejfe-f5 i , 

^wntaflr-*-** h/v¥ k «±ia»i 5-e3e«**bfcfr 

[0 0 6 2] 
[ftl 8] 



^,2 



^fr+L,2 U k+L-\,2 



u k-{L-\\\ 
u k-(L-\\2 



Wk,N_ 

[0 0 6 3] rrt, ^9 b/V0 k>i Sr 

[»19] © k>1 = [U k+L>1 , -, U^^.J H 

i#A-r5= r^-e, *t#©i*»#*<, ±ie»io<d 

©KSHtt^TR-tftS (»1 lSOtl 2£fflvnr± 
3dtLfca»»T?*>5. ) *©|tt«:0 „.!*:**< 

i, <<9 h/wp= [l, • -, 1] Srfflv>T, h/v© 

»2 0] © k>1 =9 k ,iP 

[0 0 6 4] 
[&2 1] 



Uk+L,N Uk+L-\,N ••• U k-{L-\\N 
*k 

= idk,WkjP=V 



; =1 

=[••• Z.0k,j™pH0(y k+ i, Mii )) -f 
1=1 

[ 0 {f#rf 2 1 »#r ^x^iS^ 1-1M1 
bi»t (z) ©fvs^A^^fciiiiLfcfcfc, s 

[t2 2] W k T = [e xp (-j 2 9 (v k>i ) , -, 
e xp (- j 2 6 (v k+1/M>i ) ) , -] 
-Ca*#ttLfct>©fc*«ftfll**, *y7^/7^ 

/v^^^^-c&s^ffl^-f^^^iaKi 0© 1/ 
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«u MSN+ii-fs (ia i ^sii 3 commmmx' 

ri, M=N+ 1 t L,-CV>3o ) o 
[0 0 6 6] 

[»2 3] v k+1/M)i =v k)i ; i^lOi* 
v k+1/ M,i=v kji +Av ; i^lOit 

rr-e, i = i, •-, n, ,s.tn=o, -, M-i-efc 

5o 

[0 0 6 7] Mffl©a»LfcA*flr**Wk: 

l^S3-NO^W«I«BE^^:«ttS:)Bft*>^^XV^<. Aft: 
m - 1 ©W*«ffiK«WR»%#.*.5 0 rixlcj; 9, 

^0Hio©oti©7^ m2(on^ny^)^ 

/^@Kiom t^^7^wi3-om 
mt^514-0) ^btt^SBBiqCoflr^T^o 

*-yzm&\ o-ea, f-f^;v7^;v^i3-iw 

^Vtvy7l4-l) «»6ttl#SOT>^^JlW- 
1 - 1 i^-f-5«»«co«#¥ k> ^SHtfcSiiS. «o 
T, jK!J 7^-X7^*£]si-f SrfC, ±^bfc 

B8«^#«-etsri^b*»s. #!J7=- 

X7 ^ /l'^' M LfcM - CMAS07 -f 7*7 1/ 

5 £i 
[0 0 6 8] 

[^2 4] y k , i =g k 1 F k , i 
iiT?, i =0, 1, — , M- 1 

UR2 5] e k =a p - | y k , 0 | p 

[»2 6] Y k . 1 =Y lrt . 1 +M I e k |"- 2 e k | y k 0 | 
P_1 (I 7k.il - I 7 k , 0 l) 

i =o, M-i 

[ft 2 7] 

g k -i=g k -i+A I e k l q - 2 e k | y k ,ol p_1 I 0 I 
[0 0 6 9] /Jfy7x-X7-f;^tUll7 

v^yr^v^^/v^^Sffi^ns^ iHf~>*7 

A^ttA/D«SH»9©|fIfcr-J-n^fi«iKa7-<^ 
«Mi*b*VCV^fcJf>, 7Vfiy7^^7^;^tt 

fcistt 5 , S««©a~- h b y -< M V y 
x.-wt-rzz.bici.'otifttmyj/i'f^ytmmi o 

[0 0 7 0] Bl&feV^t, A/Daaft»9Ki5A/ 
DSEiftlflfcai P T T?3bS«aji7 -f A- 

fszmtcmztfyyx-xy-iwehzmftmyj 

/U?s<>>tm®l OKAXZtlZo &2<01$&H74JIU 



*'<-y?m&l 0t?ft5#!)7s-X7-f^'x^rt 
O^S-zi — h o — A-tf-7 7 ^ /v^ ffc5f-f i?#/vy j ;v 
?13-0M13- (M-l) tt, «*{C3iiJT^V 

^"fi*t4*.ftv^5fc^-f*^ M*~ h©2fflFSLfc-c 

^A-#*M-73:-Xfl2i-5»^-fcH:, A/D^^9 
f*7M ^hW-f©2 MffiPKi-Cf-^^A^-a^K* 

5fc, f = 2Mf cfcLTva. ) . ^lt, ttKSM 
s*T.fcii«iaBn i-imi l- (m-i) 

^■SiJUfc^ M/2ft©**7>"f->77 1 2-075M1 
2- (M-l) "CM/ 2 ffiFfcf*^— I'U tVS? 
W^13-0M13- (M-l) SrSfcm, 
4^©^7>'f->'7 B 7 1 4-0M1 4- (M-l) f 

feM^-eMero-if-i^Mi-f^ e» 4 5 m^?ij©«p## 

£#3„ **$, ^?yfy/7l2-0M12- (M 
-1) ©{gfti, ^^Vf-VT-y 1 4-0M1 4- 
(M-l) ©f£ft», £f£L<tt, &©«!&* 2 Mi 

[0 0 7 1] HtfMyjMKWW&i 0©»#CTSr 
^1-H3-ett, 1V>-5R/H^S:2 (N+l) ffif, -J-fcfr 
%7yft©^fSN+ 1 ©2ffiFt?^--/^^7"^U 
N+ lfi©7^A'^>':$'S;:#BE1-3„ 
^tt-w^A-u- h©2f$-emff^tT5o RJHl, 
x i / 2 s^tfA-rt-ejsR, =&t y7t» i - 1 

1 -NfcS«SiifcHr*raWB»3 - 1 7bM3 -WzMV 

■So glST'ttie/^/H^r^roMSiSrtfofc 
l S/^#A-<ofll-!§-ftSflri-5ftt l o©7yrt* 
^©"TOMi»^o«lli*r#*., 1 iKofi 1 ^ 

D htt^^/n^- ho4fW*-t?eM-et 3„ 

[0 0 7 2] K±IftB^ Lfc £ 5 fc, **Wffi(C<tn 

hMST**s*o#r^y-**f fcstjj?t- 5«ft© 

«»«©ffi-^SrlElt(cm!9W-rri^t?t5 0 lot, 
x.5A/D«MMHi*f, fijfiiftaoTflJ-^ 

[0073] < jfs i <omm>mA », « 1 ©hjs^« 
©^^j-efes, *mmmz>m 1 ©assuror u—t 
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0 k ?-AMfpiBM 2 0a OMfcZTF-Ty'u y ^EIT*fc 
9, HlX0 ! lll2i|I|-c0t.Wfi:il-O^lr#LTV^ 

[0074] f&i<Dmffi&mz&^x^ MmvBimm 

m&2 2-075M2 2- (M-l) fcHWWM^-fA'*-* 
^BSlOi *-A««lffi2 1 fc©Mfc«*.TV\fc 

ffllg k ttt6 ltOTOIW2 2*A/DWW 

9 1, n^%y^>v9^y>/m%\ otom^WAvtc 

M- CMAffiSC J; 5 fc*- Aftjffil&gfcio^-t, ?iJ#«M#P 

k , 0 *WWil» g k T»lfctM-5 r. k K <£ 9 imcr -5 r £ # 

£«i*-e^-f J: 5 fc, A/D3HJHB 9 

Kfl» u k *> 6? ij#ffl«tt©^-^ * > KfS-t y k , o (H 

2 K«^-¥ k , 0 ) ^Bf^fij^liLTi t) W 

[0 0 7 5] &J& «fc 5 l£«/£$ttfc!& 1 (D%MM\C£ 
[0 0 7 6] <m2©H»ffi>ll5tt, *38WK«* 

z>m&m74fr?s<y?®&i o t tf-Aiwipia»2 o 

1-175^6 1- (M-l) (£TF, ftftLT, *f#6 

■3, Hl75SH4&tfHlOira-©fc©teovvrtt|fll 

^■^©ftlWSfllB:, B 1 <Dl5ii0BlBK:«5BI 1 XtfB 
2 Of— A$IJ$IHIj&2 OfCft&T, TDL (Tapped Del 
ay Line; 9 y TftttWtm ESS 7 0 ft^T 5 h 5 

iM^A^mSS (£*T, TRFE^tV^Jo ) 6 
HHUUSfcfcfcfc, IPMI»tS«SllfltMIM- 
CMA«fe*fflv^»SS!©tr-A«!lWSrtT5 tr-AftJ#p 
a 2 i t t«a.5tr-Afla#piatt2 i tftMxfcrtft 
Lrv^2.„ *©«i©«*tt« i ogam* n«i 

[0 0 7 7] il5{v:*5V>T, A/D«SHB9*»6I*^W 

KW^-¥ k , m (m=0, 1, 2, •-, M-l) tt, tf- 
•AftifJ«S5 2 1 t XtfT RF0K6 1 PVD^&MMm 7 2 

-oKA^s^atitfc, » (L-i) momm® 

B7 1-175S7 1- (L-l) #8ttSa*£;h,T4* 
TDL0g§7O©ij|l&»«fflI]i|7 l-lfcA*Sil 

5„ ±ie^-*^ ^ m*v K „,« »tsj»«s 72-0 



*4r-LTJn»B7 3KHJ*S*tafcfctK, Wtt (L- 
1) &CDi§M[H]B§7 1-1M7 1- (L-l) SIM 
**«*7 2- (L-l) £^LTt*-A»?g|S2 1 t 
Rmm&7 3\mtl£i%% 0 TDL[!g&7 0}C}o^ 
#«3ilII8g7 1-1M7 1- (L-l) t±We 

rrt, saEttm t (4, «t. l < ft i 
IWoi/2KKje**i.5^ «I*.«1*'V#/MWI|» t> 
L < HMtiiKT KRJ6 S ftt t> «fc V \ 
[0 0 7 8] ®if[Hjg&7 l-ia»6.W**ii5, 
^ KflHf-W,,. n = b p k »aMffi# b p k _ x f± tr- Aftl 
«2 1 ti£ffl^£*T,3 it ^T«ii«»7 2-1 
ft^-LT*Pff^7 3iC(±i^$tuS„ «M0gg7 1 

bp M ttlf-A«»«2 1 tfcffl* 3*1,5 fc&fcl;:, 

^rxiWitt 72-2^ L-anim 7 3 icw^ s^s. 

S&fc* 3lffilHllS7 1-3i6»6)liJ*SJi5^-^/'<>'K 
flT^-b p k ©»Mff#b p M tttf-A«*«2 1 t i^W 

timmm 2-3ft^brjp#^ 

73irW*$^S 0 S6KPI#KU-C, «®0K7 1- 

(l-2) *>6a**ii8^-^/<yKflr»bp k oai 
«flr*b p irf, i± tr— Aftunpfe 2 1 1 i^ty^§H5 1 1 

tK, »T^t|tg^7 2- (L-2) ft^LTSP»^7 3 

72-0 75?E72- (L-l) tt-tih,^ tr-Aft|» 
SP2 1 tfciOBStSftSJIMUEwoJJSw^TfA** 
n5{f-B-ftit*i (Xi«U#*J«) LTW^L, 

tiSS (xtasMW) f*iEx«o«ftiSo ip# 

H7 3fi±A^)$^S-<-^^y Kff-^-b p k XWtO* 
W (L-l) fiWiiMfs^b p^^Sbp^^ftiP^ 
LTJP#IS*©{f-§-fttii^{f-§-y k)m (m=0, 1, 

2, M-i) t lt tr- A$ij«igp 2 i t fctttfrr 

5. **S, W^ft^y k , 0 i4, «J|E«2 4KfetU*SJx 
5 0 r©J:5K:flMW 5iifcJ:!3, TDLHIK7 0 

k, ^fS(S72-0M72- (L-l) iP» 
^7 3k%mz.tcTRF®&6 lSr«^-T5o -fftfe 

*2©saegffi-ctt, »i©sai0»»!:3sit5«-^r 

^ifS^2 2-0M2 2- (M-l) ft|H6©TRF 
[0 0 7 9]-*-, X9f»^B^«2 3 tt@f^®-^« 

ft*-r ssswt # a ftis^ 2 4 k w^j-r s. 

2 4 r±£ip## 0 e> ffl^ffi * y k , o b 
r, ^rw^M (xr±«i© flr-9-e k &tr-Af»»B2 1 
tfcttysr*-*. i?-A»fl»»2 1 1», xtsisfozmm. 

«#e k i, ^-^yKflfbk^, *©ji»Eflr*b 
kk-iM yk . L+1 i, TRF0S&6 1-OM6 1- 
(M-l) ©iiai^O'<-^/'<yKff^-y kjm (m= 

o, i, 2, -, m-i) bicm^x, mmmm^ 

aM-CMAffiS^fflV^•C, #Wi^#ffi^3-17!/?E3- 
N©WfMMj£v k)i (i = l, 2, -, N) 
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mmm& 3 0 mm-r s r t Kt <o mfc^y? v mt£ 

iim® £*ifc J: <J ^1" 3«-&*Bfi£Ff£©*fJS& 

^x. mM^2 4t^a^^fi?>mmm^ejcm^ 
v ^mmrnrn ^ e k ^*/h t * 5 * 5 k, t i^-t ^ 

7~ri 0 0©£tf-A«rM£©#flfciar7«fc»©*# 

72-0M72- (L-1) 0|(MEw 0 »5w H t 
»»LT**l^HT*inBWi»3-l»S3-N*tJ«» 
W«iifiSS7 2-075^7 2- (L-1) \Z{i}JjLXWt 

[0 0 8 0] Sk±<DH5Kmi££ti1tn2<DmMMM\c 
-r^Tti 0 oo±if-Aft#a»*iam:iPirta>o % 

^C5#a«OiUE«*rTRF|ll|6 lftffl^-CJROa 

WUrtJfc (s/n) *fc, ft 



2 ©HJt^M-ef*, ftMHTOAH* 2 - 1 2 - N&tf 
Wg^t&8&3-17&M3-Nte, T^-rm^l-lTb 

j$8 4 ^©eb-ch;, #[Hg§#^M*« 1 o©^-egf 
tf. Sot, Ell Oic^-r^WCJtKLT, f&fcfflc 

X©ft#td>ttv^©-viRJtftA#4>ftv\, 
[0 0 8 1] fcw?, S2©HW«t?ffiv>5S«if- 

Tf-y'r * -?r \s—r ^7-rnmmas^x, 

^H«#y k =y k (v k>1 , v k>N ) Jl<£*q©^«g 

6. r©^-^^^Kffi^-y k H:, TDLM7 0W 
i-STRFHIgS6 KCA^J^tl/So TRF|H8§6 1-e 

JUHls ^«7 2-0M7 2- (L-1) fc* 

D^y^flattwifttT,, (i) -cfi^ttst£ftfc 
k , m (=z k i*s< 0 ) 

[0 0 8 2] 
[ft2 8] 



v L_1 * 
z k (v klJ ...v kJ v) = E w k 

i = 0 

[0 0 8 3] rrt, K'-Ai5!;W^7^ y KSI#P£ 
ff5fc&, ^©CMA^iiii:, TRFIHK6 1 © 
ffi*fll*z k ©««fl||6©*/WI:«rH5. -t-ftfcfb, W 

y k , 0= z k t »wt* o t ©isne***© toic 

W29] e k =c--| z k (v k , lf -, v k>N ) I p 
&T©*^£?-5 fcfc*L, a 

Htsjwt-s-© v^uxh n , 3rs©«H u"</nt* lt 

[0 0 8 4] 
118 0] 



»s4] J 



(i = i,» 



N) 



(i) 6p k _ i(v k>l ,"-, v KN ) 

[0 0 8 5] p t qttCMAffi©Jt^©iS)C7c4r 

^•t-%©t?, HSgtt, p = q = 2©t#*5cMAi£il^ 

*3 0©«tt$H±, ±ffi*li«2 8|Cj:0CMAifeT? 

(4, »l©SBft3gffifc|»5M-CMAtra*|!:, T>fl» 
*&8&3-175M3-N©$W«ffiv k>1> -, v k , N £« 

fc, ±«B#3 lttiHirroCMAifei:PIfllK:*»5rt!JS 
■eta. Htfrtt*z k *z k =z k (v k (1) , 

■». v k (N) ) ibt> «»J«f«m*£JlT©J:5fc 

[0 0 8 6] ±!BfC2 g^iistu ±!2$C3 0£ 

[0 0 8 7] 
[%3 2] 



M^-^Vk-i+lieg" 1 ! z k P 



g I z t | 



^ e k _ 1 q — li ip -2 s \ z kl 

3w k ( 1 ) 0 W J( i ) 
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[0 0 8 8] ±!Eft3 2 ift3 3\*Ztl?tl, ±f2ft3 
±E»3 2fc*JJtS«(t»3Wl, ±IEft2 6© 

ft s i Ki5ttz>mm.ftm-i, ±xm2 s<om&wsm& 

T, ±IEft3 2&tfft3 3i*&iSift<3, »SCo«»3E 
[0 0 8 9] 

»3 4] v fcl =v fc _ 1 . 1 +n T e k ««- l | zj^ij 
z k |, (i=l, -N) 

[ft 3 5] w k (i) =w k _ x (i) +M w e k q - 1 | z k | 
p - 2 z k *y k , (1=0, -L-l) 
[0 0 9 0] fcfciU 
[13 6] A t | z k | 

= Ai | z k (v k>1 , -, v k>1> -, v k>N ) | 
= 1 Zk (v k>l , -, v k>i +Av, -, v k>N ) | 

Xh5 0 

[0 0 9 1] ±|Eft4 6 tC*3VvC, A v fi^KlWfcJ?)© 
ft^*T?*9, ±l3»3 4&t«R3 5fc3srta/i v i:/* w 
tt*;H«v, #*Sgg 3 - 1 3 - N©fffl#pmjE i , rT 
»g^7 2-075^7 2- (L-l) ©**!£-?&£ 
^y^ttftO^yT'iMX-efcS. *36iBEJ««c«5 

[0 0 9 2] 

[ft 3 7] Mw =^ v Av 

r^-e, AvcoW4tt7v?TyT-fe5 0 
[oo93] Lfc i 5 *xmte 

^@Biotfflv^rtia9, *HBi-«<*flM*© 

j«Woflr#*]E*K:Sit)Wi-ii^-C*5. lot, 

i5A/DfM%^it*f, egiftso-efi^ 
P^©*-f §^4nWKt>***fca. **uSx EMU 

[0 0 9 4] <m2©»^J>lll7f4, %2<D%Wm 

0 t tr-A«MlpillS2 0 t a ©IfWfcigHVP y*H"C 

[0 0 9 5] B2©^S£^ffit*3V^tt, MiOTRF 

0^6 l-oibme l- (M-i) mftmy^w* 
^@Kiot k , -a«#p«2 i t i©Mfc«jit.-cv\fc 
**, cwcftitr, t-A««B2i ttfj»e**b*« 



^#ftSr%-rS lffl©TRF@IS6 1£A/D^&3§9 

Bf^fi-f-feSM- CMAfti: J; 6 tr-AifcM&St;:** 
-^^>F#^-¥ k)0 ) feiJKir-rs*, HitHt, H7 

H7fc*s^-ci^B»-C^J:5K:, A/DSBfc»9a» 
bo^-^/^y KflT* u k z)> &flft«mir©'<--x a? y 

[0 0 9 6] U-t<D£0\mf$.tSntlM2<Dmi&mKi. 

tut. m2(DmMBnic&rtzft%%}mcMz.x, tr 
f0«6 i©flft**«fcite>**5it*-et, itu 

[0 0 9 7] <f3©ail>l8tt 1 ^SHlCffiS 

m&$\7 4A'j"*y?m&i o 2:tr--A«fpiEiK2o 

1 0 tl^-©t©i£O^TttH-©l^£ttL-t^3 0 

U2 lmZtTf 5 if- J*9m®& 2 0m&ffi&.±ZLk% 

[0 0 9 8] \?-J*Mffl®% 2 0 mtt, «PH» 7XtW 
##j7.f^/^|Hl?gl 0^LTA/D»9^ 
A>©W7Jft-f-e&5-<-^AVK#-§-¥ k>m (m=0, 
1, 2, -, M-l) icS^Vvf, »tt«a"*-5«JgS 
iXfc*/J^*&r»ife (£JIT, M-LMSSet^S. ) & 

W*P0B 3 0 frftMfrfS r t (ci D Zii^WSfetoi/y 

h&tmmm^ wmbs2 

-075M8 2- (M-l) d^WTJ^tbS^— 

ffi^ y k , m ©»Bfi^©»t;* a y k> m zmW u tn** 

*lfc«fldlAy k . M 4:, A/D^&S&9 H«W«7-f 
A^/^Hftl Ofc^LTffl* Pfll 

K«^-y k . m t> ^-^y Kfi^¥ k>0 £ 8 

W19Jfd k («F**I9J«8 3 0W*"T?*S. ) i 
©^©PSftf-e k ticlS<3V^r, 3KRMIfll«e k «>a 
b ft 5 J: 5 C, ±BT u-T >x-7-©±tf 
-A SrFf^©*i^](C|R] it Sfc&©±IH€-#*i*&U«±IB 

g k Srth# LT*;h^ft*T*SESKWS 3 - 1 3 
-NXTJfBTa&t«B8 2-075S8 2- (M-l) (Cffi 
7Jl-5i££#®tL.-C^S 0 
[0 0 9 9] tf-A$J«[HlK2 0mf4, fcT-AfliO«B52 
lmi, T?r»HW8 2-0M8 2- (M-l) 
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ii-?, #^*IIBS8 2-0M82- (M-l) 
tt, A^ftS^-^VFfff-^,,,^ tr-A99# 
«8 lt±9**ii5««WI#g k -«i«U-C, fflffM 
®&tl1t'<-Xs<-y}?ig-%ry lL , m %:\f—J>>fflffiU2 lm 
fcWAU *©5 V*-*^VF{i#y k , 0 £# 

*-fs 0 *we, 4mn«8 3a, ± 5 fc» 

A* * ixS V Kit* y k © W*W9Jtf d k ^«# 
LT«JR*8 4teffl;frf-S. 3&|e, g*88 4M:, «F 
#TOJffi d k frtb-<-xs< > m% y k , o 

m^mmm^^^-^nmus urn*-?*, z 

L"t\ tf- AfflgpgR 8 1 fi, A^ttS^-^VFfl 
#V k _ 0 &tf y k , „, ifeOtfclllSefiJ # e k fc*^V vCM- 

2 fcffl;*rt-5 iritis I»MEv M (i = l, 

2, -, n) &m\sX*ti*ft*Msmm-iJbm. 
[oioo] roif-A$ij#iHiK8 o-ctt, K/T>WSk 

^w^-jx^Fffi*^©^^^-^ M-LMS 

-sf^Rfc&vvr, *TOBWH»3-175S3-N 
lcS*f 5«-*ftW«i«EE v k> iftSSKfHnHHS 3 0 SrfiJ 

Fft-f§-y ki B ©«lW(r«©«fls*A y^Jt 
IHItU tt#S;ftfc*ft:*Ay k . II1 &, A/D«9 

''-^V Kflr#T fc o t , W^*^ 8 2 - 0 8 
2- (M-l) aibW^StbS^-^VKflHI-yk,. 
t % V m# y k , 0 ©#^«Jffi d k (U^WJ 

^8 3 ©(&*>-?& 5„ ) t^^yKifyfcot© 
IH©»f&»#e k ifcS<5WC, SttlSaSflH|-e k ©gJR 

Aft9f3£o*|JjHC|fi)H-<5fc»o±B#8Kft»RtJ , ±IB*J 

#^w-#br^m#^r»ffi^3 - 1 7bm3 -nx 

tfT>raEK»«»8 2-0»S8 2- (M-l) fctftfrr 

[0101] K±ffli5Wi^f;7^7yftffl 

•WBWte&wcH;, e*-j*nm\B\i&2 0mtt. a 
fla»ia»2 om©«^8 4-e»^s*i,ais«flr^e k 

fcr u-r >x^©ftij«^g-c}±, ffiSl^if <g£§ 2 - 1 

»M2-NXTJ5W^#ffi*3-l»M3-Ntt, 7X7 

1 - 1 1 -N©«flftNfc#isufcN*ftjB 

(41o©^T-^rtf„ Sot, H 1 0 !C9i1£3lEflilCJtK 



[0 10 2] lf-A$iJfflI|HlK2 Omfc&tt-Sffl 

2-075S8 2- (M-i) frbmtsisfrzmmma 

titc<-x/<^ F«#y k , JZfr&X-miStiZ, 

[0 10 3] 

[$C3 8] y k , m =g k W k>m 

[0104] rr-e, W fclI H:A/D3g*» 9 

waeiNH$ 82-o»i82- (m- 1 ) ©* u#-e& 
9 » y k, § ftfc*rs*«# 82-om 

8 2- (M-l) ©fcWAflW-fcjSl.TVNfi. -©t 

KMB-§-e k Sr»cS:©«t5C5e»§^5 0 
[0 10 5] 

[13 9] e k =d k -y k>0 

[0106] rr.-?, d k iaftwiJS8 3^e>©, n 
^WBWtfrSrW^flr*^*!), ft5£©.fc5fc*©&;h, 
5o 

[0 10 7] 

[1:4 0] d k =s gn [Re (y k ) ] + j • s gn 
[Im (y k ) ] 

[0108] r.£-c. Re [•] }±3I3£©S#:£^1-M 

t) , I m [ • ] tt3l*©**fc^H«T?*>5. 
*fc, sgn [x] H3W**U*JB8*-e*>9, «T©£5 

[0 10 9] 

»4 1] sgn [x] 

=1 ; xfeOCit 
=-1 ; x<0©tf 

[0 110] r©P#, #^it*i^8 2-075S8 2- 
(M- 1 ) ©*|#H*5$©J: 5 fc3E&r£iix5. 
[0111] 

[t4 2] g k =g k _ 1 + (Ii Re [^.oe,,*] 

[0 112] dT, n\i^'ryf^4^<y^—9t 

» o<M<i-c©aa*«»rT'S)5. *i* 

[0 113] 

K4S] v^^v^^+^Re (e k *4y M ) 
[0 114] £©fc#. ^fb*Ay k)I ffifcS;©<fc5i- 

[0 115] 
[iC4 4] 4y M 

= y k ,o (Vk-u, -. v Hii +4v, -, v k _ liN ) 
-y k .o (v k _ lfl , -, v k _ 1<1( v k _ 1>N ) 

[0116] 14 A<D-%m<n%2-sm, a»*ffi^#ap 
troika k - 1 ©wwMHtEv^. t , -, 

Tfc. UH t*T?W«i8-l»53-N 
KPP* Ufc i # ©* U#ffl«p $ tbfc-<-^/^ V Fit * y k 
Sr^1"o * fc, 14 4 ©4ri2©B 1 B**J k - 1 © 
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£*HM*P«Ev lt _ 1>1 , -, v^.i, -, v k _ 1>N fciP 

tx, Si#B©7yrt$f l- i \cttm~ri-aim& 
ft&a-i ©*fcS»ftffi a v*jfc#fcjHffc£t©*| 

1*4 4 A y k , ^ftfe 2o©flT#0)«fli 

[0 117] (EoT, «4 3*»feWfc*»4±5K» fhS 
bfe«»Mf^cD-<-^^ ^ K##y k , 0 <DmtM A y k> t 

t , »3Mi# e k t \m^\> ^xwamms. y k ,^m 

82-075S82- (M-l) ©*U# g k £&£ L-TK 

561-5. coj:5fctr-AiW#r5itK:J;D, MWcr 
V—T ^- A £0r£©:#l*] fcft &X- 

#fc, TDMAft'flJffl &%hZ>Zf}) T^/K'CD 

V^fcTf, *«ig*fT«1t7jit (CIR) 

#fcfc, ^M&#ftfctf-A£lR]9\ TOfctrWfc** 

[0118] *smmic«sv^-ca, awMftitt, a/ 

DWWH9*>6i«»«i7-fA'^>'^ia*i oWhbfc 

3fcJ:!)fTV\ v^^o^ff (RFff) ©i>r£8tt«ffl 

0«*©JE*r*«r#ft5. **:, W*-< 
^ Kft# y k , 4 V 9 AHt* fc LT# btbS 

5. *fc, »wu*:r/i'rfyxAiii«£»*e k ©rsi 
¥*&©*'Mt i ^ 5 © l m s m t m&nffls&Ri v > 

T^5fc», *WbfcTA'='yXA* TM-LMSfej 
fc«f*/?V»5. 

[0 119] £Jl±BMUfcJ:5K:> #»S#afc.fc*b 

tf, M-LMSifcSr/fl^Ttf— AfflD-f-SOT?, DBF 

a, 5?/i^u«^wti-e*-srticjpx.-c, RFW-etr- 

^oB!l»*SRr*l!:>5:5iv^5^U/S**)*. Sot, 
!»S*l|t-C*>o-C?H»m*«S*4V\ *fc, TDMAf? 
fljffl $ n« 7" 3 7 V'TVl-*' C D M A^T-f Ijffl $ ft5 / V 
b y h{f-5§-£j3fSIff^i LTffiVNSr it?, JRSIiSOT 

#ig«7jit (c i r) aw?-*, fftfct., ^fMft^" 
s^T^SEJ: 5 t> w^tfSffi^S^fcfc, 0fa«*lRlH:tr 
-ASrifttt, TMbtrrtUc^/uftWritC**. for, 
"C ts!ejgfc»s«f^ftfT 5 r fc tfs-c# 

5, 

[0120] *fc, #*lfeI5ffifc«fc*Ui\ * P 
7^^^v^-C«>«l»dfM7^^^^BKl 0£ 



«LT*iK:Wa4f-^3 v^«f*.SA/D**jB 

[0121] <b 3 ©s^nxa 9 tt, m 3 <r>%wm 

©»0!i-?fc5. «il:#5»3 0»M07^7 
^•j-owwkiik:* » 7 5 B##t"J 7 -f fl>9 *v 9 m& 1 

0 i t?-J*$mm® 2 0 m a ©«J&£^-r7'p y 9 MX 
h<9, H8 fcll-©k©ttl53-©^£ttL-C^5o 
[0 12 2] »3OSEM0g«K*SV^tt, W»*g«8 
2-075M8 2- (M-l) frR»dtl7 'TA'^^B 

ki o t if- &mmn 2 imi:©iaii!:«^Tv>fc^, r 

ft*i-*HB©«r«»B»8 2*A/D«»»9i, «r 

&m 7 -f ^ ^ 9 UK 1 0 1 © n tcif a Lfc r t «w 

SitL.-CV^5„ rrr\ f-A0JW2 lm[i, M-L 
-*^V Kfll#y k , o (H 8 ©^-x^<>- K{f ^¥ kj 0 ) 
0*1 0*»bW**ix6'«-^<J'Kflr*T lt<0 ftM«l 

W#g k -c^i-5 c fc i 0 r. fc ds'-ct s 0 

*fc, rttfcfco-Cftfco-C, H9fc3SV^1^0W*"e 
*-TJ;5fc, A/D*SH»9i6»e>o^-^vKflr#u 
^^JWfiJftStJ©^-*/^ K«* y M (S9 

[0123] K±©i5fc#<«*Jxfc»3©«jg«lfcJ: 

n«v *3©3afi3KBfc*srt5fpffi»«fcjp*.r, -arse 

fcit), @Kfli^J;»)18i*fc-ef 3fc^5##©3»* 

[0124] <ffi©^fy>K±©H»ffifc*3v^r 
a, A/T>mm9*m^xs<-x'<>m^*A/T> 

»L7c^, *©«©0Bfcj8V^f*-<^/Ht*«ffli 

E^fc^^TT^n yxm^t&mzmft lt t iv\ 
[0125] jy._hosij£^ftgic*5v ^-c mmmmm 

3 0(4, #tf-A©J^l[HlSS2 0, 2 0 a, 2 0t, 2 0 
ta, 20m, 20mai m\CO®$Xffil&&tlX^?> 

i>K S»ttSnH& 3 0 ©««§£& t-ASJ«@gg 20, 

20a, 20t, 20ta, 20 m, 2 0 m a ftfc*5V^ 
ty7 h?xTXI4/^K!7i7Wt?l^t«t 

x%a\>\ 

[0 12 6] 

immmi se»fc, «i©*jg^sfc# 

5^17 7=-X7^^SrjS?MUfcM-CMA&©T 
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[0 12 7] «P*SCt UTQPSK«ll^:*fflV\ 

fc„ fcigSSteAWGN (Additive White Gaussia 

n Noise) ^^MM Ufc. T^X7«¥feB^PS 

#lSft-6 0*O*|S|*>5), T^«3 0«©*|^^ 
P,^w^/v-CAlt-r5^*Sri®^Lfc 0 M-CM 
ASc©!IHft*p = q = lH:H€U ^ryWX/i = 

0. OOOli Lfco feaiSffi©{S^©fc»^--^f-^ 

^©30ffl^ttEE#ftfcl*-A*»ifcLT^<&. 
[0 12 8] Bllft, |10*W10i'^l/-> 
3 Vfef 1?feo 1 4 *f !i =77 l/-7yf tfflf^C 

* J: 5 fc, #M^lR]ica^PI#© l 2 d Bg«©7 u 
5. 

[0 12 9] 012(4, JUcSdlDWiO^Sal^-i f 

a ygltfcot 4 ^ y =77 i/-7yrtol^ro 

HK*«/J»t#1t*Jt (CNR) KM-rZVyY^y-U 

-h (ber) (DW&^-tiTyyx^. Hi2irfc 

5. M-CMAfe£ffl^fc7^7x^77U-{S#SK 

*T?#5fc», t^©cNR*#m^t, attune 

1 . 5 d Bfc*-eSfj£t-5«tbfciRH4^# btlZ ii^s 

m&WTK £ S % © i # x. ?>ft So 
[0130] £i±!ftBJ Lfci 5 fc, /hS • ffiffittfctf W 

«ft7tp ^ tr- AWr^f -r 7*7 w-ic*jv>r 
ausK—Awwft^riBi-t-SM-cMAifcoaifttt^ 

ttlCM-CMAffi©«»3a»fa:fc*SV^rH:Bll«a© r« 

mmmic±< m i*-»£ffl7j-f-s r t zm%-t%* 

X7 ^ K iSjgft £g fc{f-5§- a It ft v Mi*** 9 
^tSittf, 7^^fei£j|ftofc«»&SW^ * 
»g2*W7j£ftS©-e&S„ 
[0 13 1] 



y 7 = -X7 a-^ ^ t x-h s mft® v -r f\>* * 
T£*a>o#7 i/^T-m* fc*fj£-ts«ife©«»*©{f 

hfcJt^L-C^i^jSftf-VT-y y/^fTx.5A/D 

ae*«*iKSfc*i*, estftsw-ef-^y^©* 

-f§^^Sfc^tft5„ -t^iSfc, Hl&Wc^We 
££bT-A©fM#^5^w©«iP;S*-C# So 

[Eli] *»WK«s»i©siai0»ii-c*>5ru-r 
vx-?-©$fj«B©«^^-r7n y * 0-c&So 

182] ■ lOMMMNrr^A'^^HKlO 
AiiBK2 0 t^ft#iDIi]^3 0©PiHftrt«fi!c& 
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